The kinetics of oxidation of methyl phenyl sulphide (MPS) by imidazolium fluorochromate (IFC) in acetonitrile -water (1:1) mixture at 303 K in presence of perchloric acid was followed spectrophotometrically at 360 nm. The reaction was carried out under pseudo first order conditions ([MPS] >> [IFC]). The reaction was first order each in MPS and IFC and fractional order in H + . Also it has been found that the reaction was not affected by ionic strength of medium changed by altering the concentration of the sodium perchlorate. However increase in the acetonitrile content of the medium increases the rate of the reaction. These observations were well analyzed in favour of a S N 2 type of mechanism.
Introduction
Oxidation of organic sulphides to sulphoxide is the most important in organic chemistry both for a fundamental research and for a wide range of applications 1 . The synthesis of sulphoxides were reported for first time by Marcker in 1865 and since then a number of methods were developed for conversion of sulphides to sulphoxides. Oxidation of organic sulphides by several oxidants such as N-halo compounds [2] [3] [4] , peroxo compounds 5 and chromium compounds 6 have been reported.
In the past decade a number of oxidizing agents based on chromium(VI) has been developed as they are proved to be capable of oxidizing almost all the oxidisable organic functional groups [7] [8] [9] [10] [11] [12] [13] . Among these Cr(VI) reagents, Imidazolium fluorochromate (IFC) seems to be a mild and stable selective oxidant for the oxidation of a variety of organic compounds [14] [15] [16] [17] . A Literature survey reveals that oxidation of alkyl phenyl sulphides by IFC has not yet been reported. In this article, the results obtained on a study of the kinetics and mechanism of methyl phenyl sulphide by IFC in acetonitrile -water medium is reported.
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Experimental
The oxidant IFC was prepared by the reported method 14 and recrystallised from water. All the solutions used in this study were prepared using double-distilled water or acetonitrile and the solutions of the reagents were prepared afresh every week. The oxidant solutions were freshly prepared and standardized iodometrically and preserved in a blackened vessel to prevent photodecomposition. Methyl phenyl sulphide was prepared by methylating thiophenol with dimethyl sulphate as reported by Obermayer 18 (b.p 187-188 o C). Acetonitrile (AR, s.d. fine) was purified 19 by refluxing with P 2 O 5 and used for the reactions. A stock solution of 1 M sodium perchlorate (AR, E. Merk) was used to maintain the ionic strength of the reaction mixture.
Kinetic measurements
The reactions were carried out under pseudo first order conditions by maintaining a large excess of the methyl phenyl sulphide over IFC. The temperature was kept constant at 303 K. The reactions were followed by monitoring the decrease in the concentration of IFC spectrophotometrically at 360 nm by using UV Visible spectrophotometer (Perkin Elmer Lambda 25) with computerized monitoring facilities for up to 80% of reactions. No other reactant or product has any significant absorption at this wavelength. The pseudo first order rate constant k obs was calculated from the linear plots of log [IFC] against time. The results were reproducible to an accuracy of 3%.
Product analysis
In a typical experiment, the reaction mixture containing 50 fold exam of MPS over IFC was kept overnight under stirring. The solvent was removed by distillation, the residue was extracted with ether. The ether extract was dried over anhydrous sodium sulphate and the solvent was evaporated. The residue was subjected to TLC analysis on a silica gel plate developed in a solvent system using 80:20 benzene -ethylacetate (v/v) mixture. The residue made two spots, one spot corresponding to methyl phenyl sulphoxide (R f = 0.31) and the other to MPS (R f = 0.90). The R f value of 0.31 for methyl phenyl sulphoxide was confirmed by using an authentic sample.
Stoichiometry
The stoichiometry of the reaction was determined by allowing the reaction mixtures containing a large excess of [IFC] over [MPS] and allowed to react for 48 h. Then the unreacted IFC was estimated iodometrically. After making corrections for the selfdecomposition of IFC, the observed stoichiometry was found to be 1:1, showing that 1 mole of MPS react with 1 mole of IFC.
Results and Discussion
Oxidation of methyl phenyl sulphide by IFC has been conducted in 50% acetonitrile and 50% water medium at 303K, under pseudo first order conditions and the result obtained were discussed in the following paragraphs. As it was found that ionic strength of the reaction medium had no significant effect on reaction rate, constancy of ionic strength was not maintained throughout the present study.
Effect of varying oxidant concentration
The values of k obs were calculated for different concentrations of IFC by maintaining other parameters at constant values. The data in Table 1 
Figure 2. Plot of k obs versus [H + ] for the oxidation of MPS with IFC
Effect of ionic strength
The effect of ionic strength of the reaction on the reaction rate was studied by varying the ionic strength of the medium by adding different quantities of NaClO 4 , maintaining other parameters constant ( Table 2 ). The data reveal that variation of ionic strength of the medium has no significant effect on reaction rate. This result shows the participation of a neutral species as a reactant in the rate-determining step. 
Test for free radical intermediates
The kinetic runs carried out in the presence of acrylonitrile (Table 2) establish that the reaction fails to initiate the polymerisation of added acrylonitrile, which rules out the involvement of free radical intermediates.
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Effect of added manganese dioxide
The kinetic runs carried out in the presence of MnSO 4 (Table 3) establish that the reaction rate decreases significantly with increasing concentration of added MnSO 4 . This result confirms the two electron transfer process in the reaction leading to the formation of Cr(IV) from Cr(VI). 
Effect of change solvent composition
The effect of the solvent composition on the reaction rate was studied by varying the acetonitrile content in the solvent mixture from 50 to 80% and the measured k obs values (Table 3) show that the rate of the reaction increases remarkably with increase in the percentage proportion of acetonitrile in the solvent medium, establishing that the reaction between MPS and IFC is favoured by a solvent of low dielectric constant. The plot of log k obs versus 1/D is linear, with positive slope, indicating that the reaction is of ion-dipole type.
Effect of change in Temperature
The reaction was carried out at three other temperatures (298, 313 and 323 K) keeping other experimental conditions constant. From the Arrhenius and Eyring plots, the thermodynamic parameters for the oxidation of MPS were found to be E .
Mechanism
The catalytic effect of H + shows that both IFC and its protonated species are the active species responsible for the oxidation of MPS. Based on the foregoing kinetic results, the following S N 2-type mechanism has been proposed.
The rate law can be given as, Rate = k 2 
Conclusion
The IFC oxidation of methyl phenyl sulphide follows a S N 2-type mechanism, in which both IFC and its protonated species are involved as reactive species. This mechanism is supported by the experimental data such as the reaction stoichiometry, the oxidation products and the activation parameters.
